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6RIWZDUHVROXWLRQGHVLJQIRUSKRWRYROWDLFVRODUDSSOLFDWLRQV
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D3HWUX0DLRU8QLYHUVLW\ 1R1,RUJDVWU7LUJX0XUHú5RPDQLD
$EVWUDFW
7KHSDSHUSUHVHQWVWKHVWHSVDQGWKHDOJRULWKPXVHGWRFUHDWHDVRIWZDUHIRUGHVLJQLQJDVRODUSKRWRYROWDLFDSSOLFDWLRQE\XVLQJD
SURJUDPPLQJHQYLURQPHQWLQDQDFFHVVLEOHZD\ZKLFKSURYLGHVDIWHUVRPHFDOFXODWLRQVRIDOOWKHFKHFNLQJUHTXLUHGDQDFFXUDWH
LQIRUPDWLRQUHJDUGLQJWKHQXPEHURIVHULHVDQGSDUDOOHOVRODUSKRWRYROWDLFSDQHOVFXUUHQWVDQGYROWDJHVDWWKHVWULQJFRPELQHUV
DQG DFWLYHSRZHU IORZV DW WKHSKRWRYROWDLF VRODU SDQHOV DQG LQYHUWHUV'XH WR WKH ODUJHQXPEHURI SDUDPHWHUV LQYROYHG LQ WKH
GHVLJQDQGFDOFXODWLRQV RI DVRODUSKRWRYROWDLFDSSOLFDWLRQ WKHSURSRVDO RI DVRIWZDUHVROXWLRQ GHVLJQ WKDW DOORZV DQ HDV\WUDFNLQJ
RIWKHVHSDUDPHWHUVDQGSURGXFHV DVHULHVRILWHUDWLYHFDOFXODWLRQVOHDGLQJWRWKHRSWLPDOVROXWLRQ LVZHOFRPHG
 7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV VRODUSKRWRYROWDLFVRIWZDUHVROXWLRQRSWLPLVDWLRQ
 ,QWURGXFWLRQ
3UHOLPLQDU\FDOFXODWLRQVDUHRIPRVW LPSRUWDQFH LQGHVLJQLQJDVRODUSKRWRYROWDLFSRZHUSODQWEHFDXVHDPLQRU
FDOFXODWLRQ HUURU FDQ OHDG WR D ZURQJ FRXUVH RI SURMHFW GHYHORSPHQW0RUHRYHU DIWHU WKH LQYROYHG FDOFXODWLRQV
ULJRURXV FKHFNV DUH LPSRVHG WKDW FDQ OHDG WR WKH UHFRYHU\ RI SUHOLPLQDU\ FDOFXODWLRQV VHYHUDO WLPHV ,Q RUGHU WR
HQVXUH DQ HDVLHU FDOFXODWLRQ DQG DFFXUDF\ LQ WKH SDVW IHZ \HDUV SKRWRYROWDLF V\VWHP GHVLJQ VRIWZDUHV ZHUH
GHYHORSHG VXFK DV 39V\VW 39*,6 3KRWRYROWDLF VRIWZDUH HWF >@ 7KHVH SURJUDPV IDFLOLWDWH SUHOLPLQDU\
FDOFXODWLRQVDQGGHVLJQRI VRODU SKRWRYROWDLFSRZHUSODQWVEXWKDYHWZRPDMRUGUDZEDFNV
 FRPSOH[LW\ WKDWLQYROYHV WKHLQWURGXFWLRQRIPDQ\LQIRUPDWLRQIRU WKHGHOLYHU\ RI DFFXUDWH UHVXOWV
DYHU\KLJKSULFHWKDWLQFUHDVHV WKHSURMHFWFRVWV
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 6RIWZDUHVROXWLRQGHVLJQ
7KHGHYHORSHG VRIWZDUH VROXWLRQ SURYLGHV D VHULHV RI 2XWSXW GDWD XVHG IRU WKHSUHOLPLQDU\ FDOFXODWLRQVRI WKH
VRODUSKRWRYROWDLFDSSOLFDWLRQIURP ,QSXWGDWD DQGLWHUDWLYHFDOFXODWLRQV VHH)LJ ,QWKHFDWHJRU\RI ,QSXWGDWD WKH
LQYROYHGSDUDPHWHUVDUHIURPWKHLQYHUWHUSRZHULQSXWYROWDJHLQSXWFXUUHQWDQGRXWSXWYROWDJHUDQJH DWPD[LPXP
SRZHUSRLQWHWFIURPWKHFDEOHVHFWLRQXVHGWKHDSSUR[LPDWHOHQJWKWKHXVHG PDWHULDOFRSSHU DOXPLQXPHWF
DQG IURP WKH SKRWRYROWDLF VRODU SDQHOV SRZHU YROWDJH DQG FXUUHQW RSHQ FLUFXLW YROWDJH VKRUW FLUFXLW FXUUHQW
WHPSHUDWXUH FRHIILFLHQW ,Q WKH ,QSXW GDWD VHFWLRQ SDUDPHWHUV VXFK DV FDOFXODWHG SKRWRYROWDLF VRODU DSSOLFDWLRQ
ORVVHVFDQDOVREHIRXQGEDVHGRQWUDQVIRUPHUORVVHVFDEOHORVVHVLQYHUWHUORVVHVDQG WRWDOORVVHV $QDSSUR[LPDWH
FDOFXODWLRQRIWRWDOORVVHVE\FDOFXODWLQJORVVHVRQWKHSKRWRYROWDLFVRODUVWULQJVFDEOHVDQGRQWKHLQYHUWHUFDEOHVFDQ
DOVREH UHDOL]HG ZLWKDSURSHUFKRRVLQJRIWKHFDEOHUHVLVWLYLW\PDWHULDOFRSSHURUDOXPLQXPDQGE\SURYLGLQJ WKH
WUDQVIRUPHUORVVHV
7KH 2XWSXW GDWD VHFWLRQ FRQWDLQV GDWD UHJDUGLQJ WKH LQYHUWHUV WKH VRODU SKRWRYROWDLF SDQHOV DQG WKH VWULQJ
FRPELQHUV,QWKLVVHFWLRQDUHDOVRSURYLGHGGDWDUHJDUGLQJWKH UHVXOWV FKHFNLQJV 7KHLQYHUWHUVRXWSXWGDWDVHFWLRQ
FRQWDLQVGDWDUHJDUGLQJWKHRSWLPDOYROWDJHDWPD[LPXPSRZHUSRLQWFDOFXODWHGIRUHDFKLQYHUWHUSRZHUPRGXOHWKH
PD[LPXPDGPLWWHGFXUUHQWIRUHDFKLQYHUWHUPRGXOH DQGWKHQHHGHGUHTXLUHGSRZHUIRUHDFK LQYHUWHUPRGXOHVRWKDW
WKHLQYHUWHUFRXOG RSHUDWHDWIXOOFDSDFLW\
7KHVRODUSKRWRYROWDLFRXWSXWGDWDVHFWLRQSURYLGHVGDWDUHJDUGLQJWKHQXPEHURIVRODUSKRWRYROWDLFSDQHOVWKHLU
DUUDQJHPHQWDQGRXWSXW SRZHUV7KHGDWDUHIHUVWRWKHFDOFXODWHGQXPEHURISKRWRYROWDLFSDQHOVSODFHGLQVHULHVWKH
QXPEHURIVWULQJVSODFHGLQSDUDOOHOWKHWRWDOQXPEHURIVRODUSDQHOVWKDWIHHGRQHRIWKHLQYHUWHUPRGXOHVWKHWRWDO
SRZHU VXSSOLHGRQRQHRI WKH LQYHUWHUPRGXOHVDQG WKH WRWDOSRZHU VXSSOLHGRQ WKH LQYHUWHU ,QRUGHU WR VXSSO\D
QHHGHGSRZHURQRQHRIWKHLQYHUWHUPRGXOHVLW LVQHFHVVDU\WRFRQQHFWWKHVRODUSKRWRYROWDLFSDQHOVLQVHULHVDQG
SDUDOOHO LQFRPSOLDQFHZLWK WKHPD[LPXPDGPLWWHGFXUUHQWRQ WKH LQYHUWHUPRGXOH DQGZLWK WKHPD[LPXPSRZHU
SRLQWWUDFNHUFRQWUROOHU 0337 RSHUDWLQJYROWDJH >@ 7KHRSWLPXP0337FRQWUROOHURSHUDWLQJYROWDJH 8LPS LV
UHSUHVHQWHGE\WKHDULWKPHWLFPHDQRIWKHLQYHUWHUYROWDJHUDQJHVDVLQ
>9@ 
)LJ 7KHGDWDLQWHUIDFH RIWKHGHYHORSHGVRIWZDUHVROXWLRQ VFUHHQGXPS

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7KH VRODU SKRWRYROWDLF SDQHOV SODFHG LQ VHULHV 1V VKRXOG SURYLGH D YROWDJH DW OHDVW HTXDO WR WKH RSWLPXP
RSHUDWLQJYROWDJHRIWKH 0337 FRQWUROOHU 8LPS DVLQ

:LWKNQRZQ LQYHUWHU PRGXOHSRZHUDQGRSWLPXPRSHUDWLQJYROWDJHRIWKH0337FRQWUROOHU WKHLQYHUWHU PRGXOH
FXUUHQWFDQEHFDOFXODWHGDVLQ
>$@ 
ZKHUH 1PL UHSUHVHQWVWKHQXPEHURILQYHUWHUPRGXOHV
7KHQXPEHURIVRODUSKRWRYROWDLFSDQHOVWULQJVLQSDUDOOHOFRQQHFWLRQ FDQEHFDOFXODWHGDVLQUHSUHVHQWLQJD
UDWLRRIWKHLQYHUWHUPRGXOHFXUUHQWDQGWKHFXUUHQW RIDVRODUSKRWRYROWDLFSDQHOVWULQJ

ZKHUH ,PSS UHSUHVHQWVWKHFXUUHQWRIDVRODUSKRWRYROWDLFSDQHOVWULQJ
7KHWRWDOQXPEHURIVRODUSKRWRYROWDLFSDQHOV 1W FDQEHFDOFXODWHGDVLQ

7KHVWULQJFRPELQHUSRZHUKDVWKHVDPHYDOXHDVWKHLQYHUWHUPRGXOHSRZHU
7KHFKHFNLQJVRXWSXWGDWDVHFWLRQSURYLGHVGDWDUHJDUGLQJWKH UHTXLUHPHQWVRIFRQQHFWLQJWKH VRODUSKRWRYROWDLF
SDQHOV WR WKH LQYHUWHU DQG WKH RYHUVL]H RU XQGHUVL]H RI WKH VRODU SKRWRYROWDLF DSSOLFDWLRQ 7KH ILUVW DQG PRVW
LPSRUWDQWUHVWULFWLRQLVUHSUHVHQWHGE\WKHVRODUSKRWRYROWDLFDSSOLFDWLRQVL]LQJ,Q(XURSHWKHLQYHUWHUSRZHUPXVW
EH LQWKHUDQJHRI >@ RIWKHVRODUSKRWRYROWDLFJHQHUDWRUDFFRUGLQJWR

,IWKHLQYHUWHUSRZHULVEHORZ  RIWKHVRODUSKRWRYROWDLFJHQHUDWRUSRZHUWKHLQYHUWHUZLOOVLJQLILFDQWO\OLPLW
WKHSRZHU7KH SRZHUVXSSOLHG WR WKHJULGZLOOEH ORZHU WKDQ WKHSRZHU WKDWVRODUSKRWRYROWDLFSDQHOVDUHDEOH WR
SURYLGHDQGZLOOLQFUHDVHWKHSD\EDFNWLPH >@6RWKHILUVWSDUWRIWKHFKHFNLQJVLVWRYHULI\WKDW WKH LQVWDOOHGVRODU
SKRWRYROWDLFSDQHOVDUHFDSDEOH WR SURYLGH WKHQHHGHG SRZHU WR WKH LQYHUWHUPRGXOHV UHTXLUHG IRURSHUDWLQJDW LWV
PD[LPXPFDSDFLW\FKHFNLQJLIWKHUDWLRRI  KDVDYDOXH OHVVWKDQ ,QWKHVHFRQGSDUWRIFKHFNLQJVLVYHULILHGLI
DWWKHH[WUHPH PLQLPXP WHPSHUDWXUHRI & LWGRHVQRW DSSHDU DYROWDJHDERYHWKHSHUPLVVLEOHRQHRIWKHLQYHUWHU
ZKLFKFDQEHGHVWUR\HG LQWKLVFDVH 7KHYROWDJH DW PLQLPXPWHPSHUDWXUH KDVWRUHVSHFWWKHFRQGLWLRQ
>9@ 
ZKHUH 8 ± RSHQFLUFXLWYROWDJH
 ± WKH GLIIHUHQFH EHWZHHQ WKH VWDQGDUG IXQFWLRQLQJ WHPSHUDWXUH Û& DQG WKH PLQLPXP H[WUHPH
WHPSHUDWXUH  Û&
7F ± WHPSHUDWXUHFRHIILFLHQW&
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7KHFDOFXODWHGYROWDJHVKRXOGQRWH[FHHGWKHYDOXHRI 8PD[ PD[LPXPLQYHUWHUYROWDJH
,QWKHQH[WSDUWRIWKHFKHFNLQJVLVYHULILHGLIDWWKHH[WUHPHPD[LPXPWHPSHUDWXUHRI& LWGRHVQRWDSSHDUD
YROWDJHEHORZWKH0337FRQWUROOHUPLQLPXPYROWDJH DFFRUGLQJWR  ZKLFKFDQQRWSURYLGHWKHPD[LPXPSRZHU
DQGZLOOLQFUHDVH WKHSD\EDFNSHULRG 
>9@ 
 ZKHUH   WKH GLIIHUHQFH EHWZHHQ WKH PD[LPXP H[WUHPH WHPSHUDWXUH Û& DQG WKH VWDQGDUG IXQFWLRQLQJ
WHPSHUDWXUHÛ&7KHFDOFXODWHGYROWDJHVKRXOGQRWEHORZHUWKDQWKHYDOXHRI 8PLQPS 
7KHRYHUVL]HRIWKHVRODUSKRWRYROWDLFDSSOLFDWLRQ LPSOLHV WKHLQVWDOODWLRQRIDGGLWLRQDO VRODUSKRWRYROWDLF SDQHOV
WRWKHRSWLPXP WKXV LQFUHDVLQJWKHOHQJWKRI WKH SD\EDFN WLPH7KHRYHUVL]HFKHFNLQJFDOOVDQGLPSOLHVWKDWWKH
UDWLRLVKLJKHUWKHQ 
7KHVKRUWFLUFXLWFXUUHQWV FKHFNLQJ LPSOLHVWKDWWKHVKRUWFLUFXLWFXUUHQWRIDOOWKHVRODUSKRWRYROWDLFVWULQJVGRHV
QRWH[FHHG WKHPD[LPXPLQSXWFXUUHQWRIWKHLQYHUWHU >@ ,I FRQGLWLRQLVQRWIXOILOOHG WKH LQYHUWHUZLOOOLPLWWKH
SRZHUVXSSO\ 7KHWRWDOVKRUWFLUFXLWFXUUHQWFDQEHFDOFXODWHGE\XVLQJ
>$@ 
,IWKHVHFKHFNLQJVDUHQRWVDWLVILHG WKHSURSRVHGDSSOLFDWLRQ DOORZVWKHDGGLWLRQRU WKH UHPRYDORISKRWRYROWDLF
VRODUSDQHOVDUUDQJHGLQVHULHVDQGRULQSDUDOOHO
 6RIWZDUH VROXWLRQ DUFKLWHFWXUH DQGORJLFGLDJUDP
7KHVRIWZDUHVROXWLRQDUFKLWHFWXUHLVVWUXFWXUHGRQIRXUPDLQFRPSRQHQWV ,QSXWGDWD2XWSXWGDWD /LEUDU\DQG
8VHU,QWHUIDFH DQG SUHVHQWHGLQ)LJ
)LJ6RIWZDUHVROXWLRQDUFKLWHFWXUH
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7KH ORJLF GLDJUDP RQ ZKLFK WKH VRIWZDUH VROXWLRQ DUFKLWHFWXUH LV EDVHG LV VKRZQ LQ )LJ  DQG LQFOXGHV WKH
SRVVLELOLW\RIDGGLQJRUH[WUDFWLQJDXWRPDWLFDOO\ WKHVRODUSKRWRYROWDLF SDQHOV LQRUGHUWRIXOILOO DOO WKHFKHFNV DQG
UHTXLUHPHQWV
)LJ/RJLFGLDJUDPRIWKHSURSRVHGVRIWZDUHVROXWLRQ
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 &DVHVWXG\
$FDVHVWXG\UHJDUGV WKHFKDQJLQJOD\RXWRI VRODUSKRWRYROWDLF SDQHOV 3 : LQVHULHVDQGSDUDOOHOWRSURYLGH
WKH PD[LPXP DYDLODEOH SRZHU WR D FHQWUDOL]HG LQYHUWHU 3 N: $IWHU WKH GDWD LQSXW DQG VRIWZDUH VROXWLRQ
UXQQLQJLWFDQEHVHHQWKDWWKHVRODUSKRWRYROWDLFSDQHOVOD\RXWGRHVQRWVDWLVI\WKHUHTXLUHPHQWUHJDUGLQJWKHVRODU
DSSOLFDWLRQ VL]LQJ DQG DFFRUGLQJ WR WKH ORJLF GLDJUDP D VRODU SKRWRYROWDLF SDQHOPXVW EH DGGHG 7KH XQVDWLVILHG
UHTXLUHPHQW LVLOOXVWUDWHGRQWKHGDWDLQWHUIDFHFKHFNLQJZLQGRZ)LJD ± UHGFRORUDQGRQWKHORJLFGLDJUDPLQ
)LJE 7KHWRWDOQXPEHURI VRODUSKRWRYROWDLF PRGXOHVLVDOVRLOOXVWUDWHGLQ)LJD
D
E
)LJ5HVXOWVFKHFNLQJIDLOXUHDRQWKHGDWDLQWHUIDFHZLQGRZ VFUHHQGXPS ERQWKHORJLFGLDJUDP
$IWHU D IHZ UHSHDWHG LWHUDWLRQVDQRSWLPDO VROXWLRQ LQZKLFKDOO FKHFNVDUH VDWLVILHG LV UHDFKHGEXWZLWK VRPH
VLJQLILFDQW FKDQJHV UHJDUGLQJ WKH WRWDO QXPEHU RI VRODU SKRWRYROWDLF SDQHOV ,Q WKLV FDVH WKUHH VRODU SKRWRYROWDLF
SDQHOV ZHUH H[WUDFWHG IURP WKH VHULHV FRQILJXUDWLRQ DQG WZR VWULQJV RI VRODU SKRWRYROWDLF SDQHOV LQ SDUDOOHOZHUH
LQWURGXFHG,Q)LJD LVLOOXVWUDWHGRQWKHGDWDLQWHUIDFHFKHFNLQJZLQGRZWKDWDOOUHTXLUHPHQWVZHUHIXOILOOHGDQG
DOVR WKH WRWDO ILQDO QXPEHURI VRODU SKRWRYROWDLFPRGXOHV ,Q)LJ E LW FDQEH VHHQ WKDW RQ WKH ORJLFGLDJUDPDOO
UHTXLUHPHQWVDUHDOVRIXOILOOHGDQGWKHDOJRULWKPHQGVZLWK6723
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D
E
)LJ5HVXOWVFKHFNLQJVXFFHVVDRQWKHGDWDLQWHUIDFHZLQGRZ VFUHHQGXPS ERQWKHORJLFGLDJUDP
&RQFOXVLRQV
*HQHUDOO\ WKH GHYHORSHG SKRWRYROWDLF V\VWHP GHVLJQ VRIWZDUHV LQYROYHV D ODUJH QXPEHU RI SDUDPHWHUV ,Q WKH
SUHVHQWSDSHUWKHSURSRVHGVRIWZDUHGHVLJQVROXWLRQDOORZVDQHDV\WUDFNLQJRIWKHVHSDUDPHWHUV7KHPDLQJRDORI
WKH VRIWZDUH VROXWLRQ LV WRSURYLGH D VHULHV RI RXWSXW GDWD XVHG LQ WKHSUHOLPLQDU\ FDOFXODWLRQVRI D VSHFLILF VRODU
SKRWRYROWDLFDSSOLFDWLRQEDVHGRQDVHULHVRILQSXWGDWDDQGRQDORJLFGLDJUDP LQZKLFKLWHUDWLYHFDOFXODWLRQVOHDGWR
DQRSWLPDOVROXWLRQ 7KHVRIWZDUHVROXWLRQ DUFKLWHFWXUHLVVWUXFWXUHGRQIRXUPDLQFRPSRQHQWV ,QSXWGDWD2XWSXW
GDWD/LEUDU\DQG8VHU,QWHUIDFH DQG FDQEHHDVLO\GHYHORSHGE\XVLQJYLVXDOSURJUDPPLQJHQYLURQPHQWVVXFKDV
/DE:LQGRZV >@/DE9LHZHWF
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$FNQRZOHGJHPHQWV
7KHUHVHDUFKSUHVHQWHGLQ WKLVSDSHUZDVVXSSRUWHGE\WKH(XURSHDQ6RFLDO)XQGXQGHUWKHUHVSRQVLELOLW\RIWKH
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